pylon the monolayers were washed and reincubated with fresh culture medium for various time periods (24, 48, or 72 hours) before evaluating both the morphology and function of mucous cells. For morphological studies, epithelial monolayers were fixed in situ and processed for both standard histochemistry on paraffin wax sections, and electron microscopy. To measure mucins secreted from cultured cells, the cells were metabolically labelled with 3H-glucosamine. Undegraded The cell monolayers were washed and 100 p1 of a suspension of H pylori (OD= 0 8 at 600 nm) prepared in sterile brucella broth was added to each dish containing 2-5 ml of culture medium. Control cultures were incubated without Hpylori. Incubation was at 37°C in the presence of 10% CO2 (CO2 gas generating kit, Oxoid). After three hours of incubation, the non-adherent bacteria were removed by washing the cell monolayers with three changes of phosphate buffered saline. The monolayers were reincubated in standard medium (DMEM, 10% FCS). In other experiments D-(6-3H)-glucosamine was added for 24-72 hours to study mucus secretion.
At indicated time periods, filters were fixed in Bouin's fluid, cut into strips, and embedded in paraffin wax. Cross sections of filters were stained with haematoxylin and eosin, and with alcian blue (pH = 2 5) for mucin staining. Filters were also processed for transmission electron microscopy, as previously described. 13 A monodispersed cell suspension of the filter grown cells was obtained using a two-step dissociation method6 and cells were counted in a haemacytometer. Cell viability was assessed by trypan blue exclusion.
Metabolic labelling of filter grown cells (control cultures and H pylori-infected cultures) was performed to measure mucin secretion using the precursor D-(6-3H)-glucosamine hydrochloride (10 pCi/filter, specific activity Ci/mmol) (Amersham) in DMEM, 10% FCS. At indicated time periods, the incubation medium was removed using a pipet and the monolayers were rinsed with the spent medium to remove adherent mucin. Then the incubation medium was dialysed for 36-48 hours against several changes of deionised water at 4°C and lyophilised. The secretory glycoproteins were then separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis on 3% gels. After electrophoresis, each lane of the stacking gel containing the 3H-mucin glycoproteins was cut out, then put into a borosilicate phial and incubated overnight at 40°C in the presence of 500 pl of Soluene 350 (Packard). The phials were allowed to cool, and 10 ml of a solution of Pico-fluor 40 (Packard) was added to each phial. The radioactivity was counted in an LKB scintillation counter. This assay was referred to as the "electrophoretic assay". The exocytotic response to ionophore A23187 and forskolin was measured using the release of 3H-mucin as an index of triggered exocytosis. First intracellular mucin granules were labelled by incubating cell monolayers with 3H-glucosamine as indicated above. At the end of the incubation period, the filters were washed three times and transferred into the wells of a multiwell culture plate containing Ham-DMEM (600 pl/well) with 0-01% bovine serum albumin (w/v), 4 10 ' M ionophore A23 187 (Sigma Chemicals, St. Louis, Missouri, USA), and 10-4 M forskolin (Calbiochem Corporation, La Jolla, California, USA). After 45 minutes of incubation, the medium was removed and the monolayers were rinsed with the spent medium to remove adherent mucin. Then the secreted mucins were measured using the "electrophoretic assay".
Prior to the intracellular incorporation studies, the cell monolayers were incubated with or without (control) Hpylori for three hours then washed and reincubated for 24 hours in DMEM with 10% FCS, according to the previously described protocol. The monolayers were incubated for three hours in 600 pl of serum-free medium containing 10 pCi/ml of D-(6-3H)-glucosamine hydrochloride. At the end of the incubation period, the filters were washed three times in 0 9% NaCl without glucosamine, and the cells were scraped from filters with a rubber policeman in 2-5 ml of a 0-9% NaCl solution. Then the cells were sonicated for 30 seconds.
Incorporation of D-(6-3H)-glucosamine into acid precipitable glycoproteins of the cell homogenates was measured by adding cold trichloroacetic acid (TCA) and phosphotungstic acid (PTA) at a final concentration of 10% and 1%, respectively, to an aliquot of the homogenate. After an overnight incubation at 4'C the precipitate was collected by centrifugation, washed with an additional 1 ml ofTCA-PTA, then with 1 ml of chloroform-methanol Electron microscopic examination of infected monolayers disclosed numerous organisms which were in close contact with the apical membrane of mucous cells (fig 1) as well as in clusters in the mucus layer. Their location was restricted to the apical membrane with apparently no preference for the region close to intercellular junctions. They were detected as early as 24 hours after inoculation and were present on each section studied after 48 hours.
Finally, H pylon did not induce major ultrastructural changes in mucous cells over a 48 hour period.
Histological evaluation of the monolayers on cross-sections did not disclose major modifications on infection with H pylorn. Cell monolayers examined 24 hours after inoculation with Hpylori did not differ from controls. Only minor morphological changes were observed after 48 hours of incubation. They consisted of a slight disorganisation of the monolayers without erosion. Cell counts confirmed the From our results, it is clear that H pylon induced only a modest inhibition of baseline secretion from Cl. 16E cells, this inhibition being significant only at time point 24 hours. In contrast, H pylon had a major inhibitory effect on the stimulated exocytosis of mucins at all time points tested.
Our approach was based on two agents which are known to trigger rapid exocytosis of mucus granules by stimulating two important intracellular signalling pathways of secretory cells-cAMP and Ca + Knowing the intracellular sites of action of these agents, our finding of an inhibitory effect of Hpylori on the stimulated secretion can be interpreted as resulting from the action of H pylon at a step distal to the second messenger system-on the exocytotic mechanism of mucous cells (fig 5) .
In the context of these results, it was important to determine whether the exocytotic machinery was the sole target of H pylon, or whether this effect was accompanied by a reduction of glycoprotein synthesis. 
